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[57] ABSTRACT 


An automatic turret tracking apparatus utilizes error 
signals from the missle tracking system to control the 
turret elevation and azimuth positions so that the turret 
can automatically track the target position without 
requiring active tracking activity by the gunner. This 
enables the gunner to concentrate on control and com- 


 munication, eliminates gunner errors and optimizes 


gunner performance in high-speed/low-altitude en- 
gagements. 


5 Claims, 18 Drawing Sheets 
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AUTOMATIC TURRET TRACKING APPARATUS 
FOR A LIGHT AIR DEFENSE SYSTEM 


This is a continuation of application No. 06/787,216, 
filed on Oct. 15, 1985, and now abandoned. 


BACKGROUND OF THE INVENTION 


This invention relates to an automatic tracking appa- 
ratus, and more particularly to a turret control appara- 
tus for a light air defense system that enables the turret 
to automatically track heat producing targets across the 
sky. 

The pace of airborne attacks in modern combat re- 
quires an air defense system that can track a rapidly 
approaching target precisely and launch its missiles at 
the correct time, then immediately engage other aerial 
targets, and do so in rapid succession until the attack is 
over. Prior air defense systems have tended to be slow 
and complicated, thereby reducing their effectiveness. 
One reason for the complication is that it has always 
been necessary for the gunner to track the target right 
up until launch of the missile, thus requiring the gun- 
ner’s concentration on the manual exercise of tracking 
the target. The exacting manual exercise of keeping the 
air defense turret aimed at the target left the gunner 
with little time or available attention for other functions 
such as communication, safety, target identification, 
` surveillance for other attacking aircraft, and other func- 
tions requiring judgment and attention. 

The problem becomes especially exacerbated in situa- 
tions wherein the light air defense system needs to be 
operational while in motion. Most prior art systems are 
simply incapable of operation while in motion, but the 
few that are capable have a greatly increased difficulty 
in target tracking because of the motion of the vehicle 
as it traverses the terrain and follows turns in the roads. 
In this situation, the gunner must not only track the 
target, but he must also make compensating changes in 
the azimuth and elevation of the turret as the air defense 
system travels up an down hill and around curves. In a 
fast attack situation, this may make the tracking of the 
target so difficult that the effectiveness of the air de- 
fense system is lessened. 

The military has long been in need of an air defense 


system which can be mounted on a mobile vehicle and. 


operated while in motion. Such an air defense system 
should have an automatic tracking capability so that, 
once the target is acquired, the gunner can concentrate 
on the functions other than manually tracking the tar- 
get. This utilizes to the best extent the uniquely human 
versatility in accomplishing tasks such as target selec- 
tion, target identification, communication, control and 
intelligence and other judgment related functions. This 
also enables the gunners attention to be spread more 
widely so that he is aware of other possible target or 
threats so that he can fire his missile early at the target 
which he has engaged and slew immediately to the new 
target or threat, an thereby greatly increase his effec- 
tiveness in his air defense function. 


SUMMARY OF THE INVENTION 


Accordingly, it is an object of this invention to pro- 
vide an automatic tracking apparatus for a light air 
defense system which can lock onto a target and oper- 
ate the turret to track the target across the sky without 
requiring the attention of the gunner. It is another ob- 
ject of the invention to provide a automatic tracking 


5 


20 


25 


35 


40 


45 


50 


55 


65 


2 
apparatus for a mobile light air defense system mounted 
on a mobile vehicle which enables the light air defense 
system turret to track aerial targets even while the mo- 
bile vehicle is in motion so that the light air defense 
system can protect convoys and other moving military 
assets from air attack. 

These objects are attained in a preferred embodiment 
of a light air defense system according to this invention 
having a passive sensor/seeker for detecting gmissions 
from the target and creating an error signal indicative of 
the divergence between the direction of the target and 
the direction in which the turret is pointed. The error 
signals are inputted to a microprocessor which pro- 
duces drive signals for the turret drive motors to cause 
the drive motors to drive the turret toward the target. A 
stabilized turret minimizes the work of the sensor/- 
seeker, and a wide field of view provided to the gunner 
in the turret facilitates his effective surveillance of a 
wide sector of the sky. 


DESCRIPTION OF THE DRAWINGS 


The invention, and its many attendant objects and 
advantages, will become better understood upon read- 
ing the following description of the preferred embodi- 
ment in conjunction the following drawings, wherein: 

FIG. 1 is a side elevation of a light air defense system 
mounted on a mobile vehicle; 

FIG. 2 is a side elevation of the light air defense 
system turret shown in FIG. 1; 

FIG. 3 is a plan view of the cabin showing the gun- 
ner's seat, the sight, the FLIR screen, and the hand 
controller; 

FIG. 4 is an isometric view of the hand controller 
shown in FIG. 3; 

FIG. 5 is a schematic diagram of the turret control 
system; 

FIG. 6 is a schematic diagram of the power genera- 
tion, storage, and distribution system for the turret 
shown in FIG. 2; 

FIG. 7 is a schematic diagram of the target acquisi- 
tion system showing the visual and video optics and the 
FLIR; ; 

FIG. 8 is a schematic diagram of the reticle and dis- 
play driver for the sight shown in FIG. 3; 

FIG. 9 is a schematic of the missile fire control sys- 
tem; 

FIG. 10 is a schematic diagram of the laser range 
finder system; 

FIG. 11 is a schematic diagram of the remote control 
and monitoring system of the light air defense system 
shown in FIG. 2; 

FIG. 12 is a functional schematic diagram showing 
the relationship between the sensor, drives, controls, 
armament and computers of the LADS shown in FIG. 
2; and 

FIGS. 13A-13F are a logic flow block diagram of the 
sequence of operations and decisions of the gunner/sys- 
tem combination. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


Turning now to the drawings, wherein like reference 
characters designate identical or corresponding parts, 
and more particularly to FIG. 1 thereof, a light air 
defense system is shown mounted on a mobile vehicle, 
such as a HMMWV. The HMMWYV is a standard four- 
wheel drive military vehicle that is fast and agile over 
rough terrain. It's speed, range and agility make it an 
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3 
ideal carrier for a light air defense system although, 
until now, no light air defense system has been small or 
light enough, or adapted to the highly maneuverable 
HMMWV to be mounted thereon. 

To be adaptable for carriage by the HMMWV the 
weight of the light air defense system must be substan- 
tially less than the maximum weight that the HMMWV 
can carry, and its center of gravity must be low enough 
so as not to create an unstable load on the HMMWV 
when it is traversing the steepest slope for which it is 
designed, at the maximum speed for that slope. Accord- 
ingly, it is necessary that the light air defense system, 
fully loaded with a full complement of gunner, opera- 
tor, supplies and ammunition, have a center of gravity 


such that the desirable characteristics and mobility of 15 


the HMMWV are not adversely affected. 

To this purpose, the light air defense system is de- 
signed so as to position the elements of greatest mass as 
low as possible and to distribute the mass of the rotating 
structure symmetrically about the vertical axis of rota- 
tion of the cabin so that the balance of the system is 
approximately equal regardless of the orientation of the 
cabin about its vertical axis. This mass distribution will 
be illustrated more clearly in the following drawings 
and also in the following description thereof. 

The light air defense system turret includes a cabin 10 
mounted for rotation about a vertical axis 11 on a base 
12 by means of a ring gear/bearing 14. The base 12 is 
mounted on the bed of the HMMWV 15 by means of a 
self-aligning, quick attachment and release, mounting 
hardware shown partially in FIGS. 1 and 2, and more 
particularly described in the copending patent applica- 
tion for SELF-ALIGNING, QUICK DISCONNECT 
MOUNT filed concurrently herewith by William S. 
Riippi and John W. Rose, the disclosure of which is 
incorporated by reference herein. 

The ring gear/bearing 14 supports the cabin 10 for 
rotation about the vertical axis 11 by way of the outer 
bearing race 16 fastened to the under surface of the 
cabin substructure 18, as more particularly shown in the 
aforesaid patent application of Riippi et al. An azimuth 
drive motor 20, supported by the cabin substructure 18 
has a depending pinion 22 engaged with the ring gear 14 
fixed to the base 12, whereby the cabin may be rotated 
about the vertical axis 11 on the base 12. The drive 
motor 20 is energized to rotate in one direction or the 
other, depending on the desired direction of rotation, by 
a power supply and turret control unit 24 under the 
command of a control system 26 mounted in a gunners 
console 27. 

A pair of munitions arms 28 is mounted on the cabin 
10, on on each lateral side thereof, for rotation about a 
horizontal axis 29. A horizontal, transversely extending 
torque tube 30 extends between and connects the muni- 
tions arms 28 to each other so that they elevate synchro- 
nously, one with the other. A sector gear 32 is keyed to 
the torque tube 30, and an elevation drive motor 34 
having a pinion 36 engaged with the sector gear 32 
drives the torque tube for rotation about its axis. The 
drive motor 34 is supported on a bracket 38 which 
hangs from the torque tube 30 by way of journal bear- 
ings, and is coupled to the cabin frame at the other end 
of the bracket and spring biased against the sector gear 
32 so that the motor stays in contact with the sector 
gear regardless of deflections of the torque tube while 
the vehicle is in motion over rough terrain. In this way, 
the elevation drive motor 34 can reliably drive the sec- 
tor gear 32 and rotate the torque tube in whatever direc- 
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tion is desired at all times. The drive motor 34 is ener- 
gized by the turret control unit 24 under control of the 
control means 26. An optical sight 40 is linked to the 
torque tube 30 as shown more particularly in the co- 
pending application of Riippi and Rose, entitled 
TORQUE TUBE ELEVATION DRIVE MECHA- 
NISM filed concurrently herewith, the disclosure of 
which is incorporated herein by reference. 

A gyroscope 42 is mounted on the torque tube 30 for 
sensing the rate of rotation of the torque tube 30, and 
hence the munitions arms 28. Another gyroscope 44 is 
mounted on the frame of the cabin for sensing rate of 
rotation of the cabin about its vertical axis 11. The 
torque tube gyro 42 and the cabin gyro 44 are con- 
nected by conductors (not shown) to the control means 
26 to provide the control means with data about the 
elevation and azimuth angular acceleration of the muni- 
tions arms 28 relative to the position of the vehicle. 

A hand controller 46 is provided in the cabin 10 to 

enable the operator to operate the azimuth and eleva- 
tion drive motors by manual controls. The hand con- 
troller, shown in FIG. 3 and more particularly in FIG. 
4 has two hand grips 48 and 48’ projecting laterally 
from two sides of a body 50. The hand grips can be 
rotated together about a laterally extending horizontal 
axis 52, an the body 50 can itself be rotated about a 
fore-and-aft horizontal axis 54 orthogonal to the hori- 
zontal axis 52 of the hand grips 48 and 48' by rotating 
the hand grips about the axis 54. Rotation of the hand 
grips about their axis of rotation 52 causes the arms to 
nod or elevate about their horizontal axis of rotation, 
and rotation or revolving the handgrips 48 and 48' 
about the axis 54 causes the azimuth drive motor to 
drive the turret in the counterclockwise direction (look- 
ing down) when the hand controller is rotated in the 
counterclockwise direction (looking forward) and visa 
versa. - 
A forward looking infared (FLIR) scanner/seeker 56 
is mounted on one of the munitions arms 28 and is 
pointed in the same direction that the missiles which are 
mounted on the munitions arms are pointed. A screen in 
the cabin 10 produces an image of the infrared view 
scanned by the FLIR scanner/seeker to give the gunner 
an infrared view of the section of the sky in which the 
missiles are pointed. In this way, the light air defense 
may be operated at night almost as effectively as in the 
day time. 

The FLIR scanner/seeker has a mosaic of infrared 
detectors which is scanned electronically for infrared 
signals. When a signal is detected, the image appears on 
the screen 88 in cabin 10 at the position corresponding 
to the position on the infrared detector mosaic where 
the infrared image is focused. 

The signal from the FLIR scanner/seeker can be 
used in a automatic tracking mode to drive the cabin 
and arm drive motors. The detector mosaic is laid about 
two orthogonally centered X-Y axes and an infrared 
image which is not centered on the X-Y axes produce 
off-axis X signals and/or off-axis Y signals which are 
used by the control means 26 to produce signals to the 
drive the turret control unit 24 to operate the drive 
motors 20 and 34 to rotate the cabin and elevate the 
munitions arms to center the infrared image on the 
FLIR scanner/seeker. In this way, the signals from the 
FLIR scanner/seeker can be used to automatically con- 
trol the turret so that the turret automatically follows 
the target across the sky. i 
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There is an infrared seeker mounted in the 

STINGER missile nose which produces elevation and 
azimuth error signals to control the missile fins so that 
the missile automatically follows an infrared source on 
which it is locked. The error signals in the STINGER 
seeker can be used by the control means to automati- 
cally control the cabin drive means and the munitions 
arm elevation means to follow the target across the sky 
in the same manner that the FLIR error signals are so 
used. 
A static azimuth sensor 58 provides precise informa- 
tion as to the azimuth of the cabin and a static elevation 
sensor provides information about the elevation of the 
arms. The static azimuth sensor includes an optical disk 
(not shown) having concentric rings, each marked with 
regularly alternating light and dark areas. The light and 
dark area repetitions double in number with each suc- 
ceeding ring. The azimuth sensor disk is optically 
scanned to produce a unique signal for each sector of 
angle. An eight ring array will produce a unique signal 
for each sector of 1.4°; a nine ring array will produce a 
unique signal for each sector of 0.7°. 

The static position sensor 59 for the torque tube 30 is 
a d/c potentiometer having a stationary pickup in 
contact with a coil mounted on the torque tube. The 
d/c signal produced by the potentiometer is directly 
proportional to the angle of the munition arms above 
the horizontal. The cabin azimuth and arm elevation 
can be displayed on the gunner’s console in the cabin 10. 
The position indicating signals are also inputted to the 
control means 26 as discussed below. 

A power system for providing electrical power to the 
light air defense system shown in FIG. 1 is shown sche- 
matically in FIG. 6, and includes a conventional alter- 
nator and battery combination in the vehicle which is 
connected by a cable 66 and a connector 68 to a cable 70 
on the LADS. A set of batteries 72, sufficient to enable 
operation of the LADS for at least 45 minutes with the 
air conditioner operating, and over two hours without 
the air conditioner is connected in parallel to the power 
cable 70. The cable is electrically connected, by way of 
a slip ring assembly 74, to the main power cable 76 of 
the cabin 10. A prime power unit 78 is connected in 
parallel to the main power cable 76 and provides electri- 
cal power for operation of the LADS and also can 


provide power for the electrical system of the vehicle. 


back through the slip ring 74 in the event that the vehi- 
cle electrical system is inoperative. The prime power 
unit 78 is a diesel engine powered electric generator 
having a three kilowatt capacity, consuming fuel at 
about 0.7 pounds per kilowatt-hour. The fuel tank ca- 
pacity is 34 pounds which provides more than enough 
fuel to operate the system for 24 hours of a high inten- 
sity aerial assault scenario. 

The parallel connection between the vehicle electri- 
cal system and the LADS electrical system provides 
redundant electrical capability for operating the LADS 
in the event that its fuel tank is exhausted or its electrical 
supply system becomes inoperative. 

An electrically operated air conditioner unit 80 
(ACU) 80 is mounted on the rear platform on the fuel 
tank for the prime power unit 78. The air conditioner 
unit 80 is connected in an air circulation system for the 
cabin 10 which includes a vent which can be open to 
allow circulation of fresh air through the air conditioner 
into the cabin 10, or can be closed to allow a closed loop 
circulation of air within the cabin and through the air 
conditioner to prevent the entrance of air from outside 
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6 
the cabin when such outside air would be inimical to the 
well-being of a gunner, such as when the missiles are 
fired or when the LADS is operating in an area under 
enemy attack using gas or biological warfare agents. 

The target acquisition system is shown schematically 
in FIG. 7. The system includes an optical/visual sight 
40 and a forward looking infrared sensor/seeker 56. The 
two systems are combined in a heads-up transparent 
sight glass 82 to enable the gunner to coordinate both 
the target acquisition system and the automatic tracking 
system to be described below in an integrated manner so 
that the operation of the LADS is fast and uncompli- 
cated. 

The optical/video target acquisition system uses a 
video camera 84 in one of munitions arms 28 pointed in 
the same direction that the munitions and the arms are 
pointed. The camera 84 has at least two fields of view so 
that the gunner may use the wide field of view for first 
acquiring a target and then a narrow field of view for 
precise tracking. The image produced by the video 
camera 84 is displayed on a screen 88 in the cabin and 
also can be projected on a transparent sight glass 82 
which is linked to the sight arms so that the sight glass 
is raised and lowered in synchronism with the munitions 
arms 28. The mechanism for controlling the angle of the 
sight arm and synchronizing its movement with the 
missile arms 28 is shown more particularly in the afore- 
mentioned co-pending application of Riippi et al. enti- 
tled TORQUE TUBE ELEVATION MECHANISM. 

A driven reticle projector is shown in FIG. 8. The 
projector includes a served reticle drive driven by the 
signals from the scanner/seeker. It projects a reticle on 
the sight glass so that the gunner has the confirmation 
that the scanner/seeker in the missile or FLIR and his 
own visual line of sight through the sight glass are 
aligned. When the gunner is satisfied that the scanner/- 
seeker is aimed at the target which he has selected, he 
can uncage the seeker which will then automatically 
track the target. The driven reticle driven from the 
azimuth and elevation error signals from the seeker 
confirms for the gunner that the missile seeker remains 
locked on the target that the gunner has selected. If the 
driven reticle and the optical image begin to diverge, 
the gunner can then recage the seeker so that he can 
force it back onto the target which has selected. 

The preferred munitions for the LADS disclosed is 
the STINGER missile made by General Dynamics. The 
STINGER missile has a gimbaled infrared sensor/- 
seeker 91, shown in U.S. Pat. Nos. 4,039,246 and 
4,093,154, which produces azimuth and elevation error 
signals that are used by the missile to control the missile 
fins so that it can home-in on a infrared-emitting target. 
These elevation and azimuth error signals can also be 
used by the LADS for the same purpose mentioned 
above and can also be used for manual or automatic 
bore sight correction in a system shown in FIG. 7. Bore 
sight correction is the correction of the slight misalign- 
ment of the missiles or missile optics in the missile pod, 
which causes them to be launched slightly misaligned 
from the target direction. This usually does not cause a 
problem but occasionally a missile will miss the target 
because it loses contact with the infrared signal because 
of the combination of the bore sight misalignment and 
the misalignment incurred by reason of the low speed 
and low temperature STINGER boost launcher. 

As shown in FIG. 7, the FLIR 56 produces a signal to 
a signal processor 86 which converts the FLIR signal to 
a visual image which is sent to a video display 88 in the 
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cabin 10. The FLIR image is also sent to a comparator 
90 in which the FLIR image is compared to the image 
which is produced by the STINGER infrared sensor/- 
scanner 91 to produce an error signal which is sent to a 
bore sight correction unit 92, which aligns the 
STINGER missile accurately within the launch pod. 
The signal from the signal processor 86 is also sent to a 
reticle and display driver 92 shown schematically in 
FIG. 8, which aims the visual image corresponding to 
the infrared image to be projected by the FLIR or the 
Stinger seeker 91, or both, on the sight glass 82. When 
the sensor/seeker is uncaged so that it can follow the 
target, the image will be projected on the sight glass at 
a position corresponding to the position of the target 
relative to the aiming point of the missile pods. In this 
way, the gunner can be informed as to the exact position 
of the infrared target and can correct the aiming posi- 
tion of missile pod by use of his hand station. 

The missile fire control system, illustrated in FIG. 9, 
is under the overall control of the control means 26 
which initiates all missile preparation actions and re- 
serves for gunner action only those functions requiring 


human judgement. Specifically the missile sensor/- ` 


seeker 91 produces a signal which is conditioned by the 
control electronics 26 to produce a display on the sight 
glass so that the gunner can tell what target the missile 
sensor/seeker is locked on after the sensor/seeker is 
uncaged. The control electronics also initiates the IFF 
interrogation signal from the IFF unit 96 and confirma- 
tion of the response. The interrogation signal, and the 
inhibition of missile fire until confirmation of enemy 
identity, is controlled automatically and very rapidly by 
the control electronics in the missile fire sequence or 
when initiated manually by the gunner. 

The missile fire sequence is controlled by the control 
system 26 in an automatic sequence that reduces the 
missile firing time to less than one quarter of the time 
required for the *manpad" firing mode. During manual 
tracking and when automatic tracking is initiated, the 
control electronics continuously samples and stores the 
elevation and azimuth tracking rates. When the gunner 
has acquired a target, he activates a missile by pushing 
the missile activate button. The control electronics 
causes the pre-selected bore sight correction to be in- 
serted or, if the FLIR bore sight correction scheme is 
employed, it is used to correct any bore sight misalign- 
ment. The control electronics 26 causes the missile gy- 
roscope to be spun up and the missile seeker/sensor 91 
to be cooled so that it can sense infrared targets. A 
missile tone is audible to the gunner through his helmet 
earphones and the gunner can center the turret aiming 
point on the infrared target at a position which maxi- 
mizes the tone. At that point, the gunner squeezes the 
missile uncage trigger, which uncages the missile and 
the uncage verify tone is heard by the gunner in his 
earphones. ἕν 2 

If the gunner has not yet switched his Safe/On switch 
to “ON”, the control electronics flashes an image on the 
display console to warn him that the missile is not 
armed. The gunner then switches the switch to the 
“ARM” position and the “SAFE” light goes off, and 
the “ARM” light goes on. 

With the missile uncaged, the gunner can now switch 
to missile autotrack which disables the hand controller 
and switches the azimuth and elevation drive control to 
the control electronics 26. When the gunner presses the 
fire button on the hand controller, the control electron- 
ics compares the azimuth and elevation inputs with any 
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8 
preselected fire control limits recorded in the memory 
and if the missile pods are out of the authorized fire 
sector, the firing sequence will be halted and the display 
will appear on the console “out of fire sector”. The 
missile pod will continue to track the target until it is 
either out of range or within the target limits. 

The control electronics then clears whether the range 
safety officer has authorized missile firing. If not, the 
message on the console will flash “RSO inhibit" and the 
target will continue to be tracked. If the range safety 
officer has authorized firing, the computer then queries 
whether the target is a helicopter or a fixed wing target. 
Depending on whether it is helicopter or fixed wing, 
and whether the target is moving to the right or to the 
left, the computer inserts the correct lead angle for the 
optimal accuracy for the missile. The elevation and lead 
angle are inserted automatically by a signal from the 
control electronics 26 to the azimuth and elevation 
motor controls 24 which cause the missile pod to lead 
the target by the correct amount. The computer signals 
to the air conditioner to close the vent so as to prevent 
inhalation of missile exhaust into the cabin. The fire 
command is issued to the missile which activates the 
heat battery, which is a chemical battery having a life of 
30 seconds or so to provide power to the missile elec- 
tronics and actuators. When the missile battery is up to 
temperature and producing full voltage, the control 
electronics issues the missile booster fire command 
which causes the electrical umbilical 97 to be jerked 
loose from the missile and the missile booster to be fired. 
The missile booster ejects the missile from the pod and, 
when it is clear of the pod, the missile rocket motor fires 
and propels the missile toward the target under control 
of the missile seeker. 

The control electronics selects the next missile to be 
activated and activates that missile. The gyroscope in 
that missile is spun up and the sensor cooled and at the 
same time super elevation and lead are removed so that 
the turret returns to the position it would have had, had 
the tracking continued. The gunner hand controller is 
reactivated so that the turret tracking is again under the 
control of the gunner. The gunner verifies visually that 
the target has been destroyed and immediately slewsthe | 
turret to engage the next target. 

A laser range finder 100, shown in FIG. 10, uses a 
CO» laser having a narrow beam transmission to mini- 
mize interception and detection by attacking enemy 
units. The narrow beam of the laser would ordinarily 
make its use on an air defense system impractical, but 
the extremely stable platform provided by the turret 
stabilization system of this invention makes the use of 
the laser rangefinder feasible. An infrared tracking unit 
which rapidly scans a 2° by 2° field of view provides 
target information to the control electronics which in 
turn generates beam steering commands to direct the 
laser range finder beam very accurately to the target. 
This resolves the aiming problem of the convention 
laser range finder. The laser range finder includes a 
sensor which measures the light transmission time and 
provides extremely accurate information as to the range 
of the target from the laser range finder. 

The laser range finder is integrated into the control 
electronics to provide an inhibit signal when the target 
is detected to be out of range of the missile. In addition, 
the control electronics can calculate, from the range 
information provided by the laser range finder and also 
the azimuth and elevation rates of change, the course of 


„the target and the anticipated interception position so 
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that the missile can be fired at the earliest possible time 
to engage the target as far as possible from the light air 
defense system. 

It is anticipated that the LADS of this invention may 
be provided with a high rate of fire machine gun for 
close engagement. The laser range finder is particularly 
useful for providing information to the control electron- 
ics to calculate the proper elevation and lead angles for 
the machine gun to provide unerring accuracy to the 
automatic elevation and azimuth lead controls when a 
machine gun is to be used. Further refinement may be 
included by providing an input for wind velocity and 
direction input to the control electronics, and also vehi- 
cle motion sensors for inputting the speed and direction 
of the vehicle into the control electronics. In this way, 
the corrections for wind velocity and also for vehicle 
motion may be accommodated. 

It is desirable in many circumstances to operate the 
LADS turret from a remote position. The remote posi- 
tion may be as close as the vehicle cab and as far away 
as a fortified bunker at some distance from the turret. In 
addition, it is useful to provide the capability of moni- 
toring the controls and displays of the turret from a 
remote position for purposes of training. 

A remote control system for the LADS is shown in 
FIG. 11. As shown, the remote control communications 
are by way of cable, but it could be done by other forms 
of communications such as radio and laser communica- 
tion. 

The remote control system uses a standard computer 
interface, such as an RS232, which is cable connected to 
a similar RS232 port on the remote processor 108 which 
enables the remote console 110 to control the functions 
of the control means 26 from the remote console. The 
‘remote console 110 can be an exact duplicate of the 
console in the cabin 10 or it can be a suitcase type which. 
can be carried either in the vehicle cab or located in a 
central command and control center. The hand control- 
ler 46’ of the console 110 is identical to the hand station 
in the cabin console and is operated identically to the 
cabin hand station 46. These signals from the hand sta- 
tion are sent via the cable to the control means 26 in the 
cabin which functions as though the gunner were in the 
cabin. A headset 112 is provided which will give the 
remote gunner the same audio signals that the gunner in 
the cabin would have received. Since the gunner is not 
actually in the cabin, his visual acquisition of the target 
will have to depend on the camera 84 in the missile pod, 
which is inferior to direct line of sight acquisition of the 
target, but in some circumstances is preferred to a direct 
line of sight form. Likewise, the FLIR image can be 
displayed on the remote video display screen by way of 
signals over the cable to the remote display. Once a 
target is acquired by a particular LADS system, the 
on-board auto track function can be initiated for auto- 
matic target tracking. The auto track can be accom- 
plished using either the missile seeker or the FLIR 
contrast tracking functions. The FLIR display and the 
video camera image can both be displayed in the con- 
trol center for visual target recognition. The firing of 
system missiles or other air defense weapons can be 
controlled from the control center. This flexibility ena- 
bles the use of the LADS without subjecting the opera- 
tors to the danger of air attack from attacking aircraft, 
and also enables larger weapon systems, such as large 
guns or large rocket pods that would otherwise cause a 
weight or volume problem on vehicle mounted applica- 
tions to be utilized. 
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The control electronics 26 is shown in FIG. 12 with 
its inputs and outputs and the internal signal condition- 
ing and processing functions illustrated. The signals 
from the hand controller 46 and from the FLIR and 
missile target seeker are conditioned by a signal condi- 
tioner 120 and multiplexed in a analog multiplexer 122. 
They are converted to digital signals in a A/D con- 
verter 124. The control signals from the CPU 126 re- 
sponsive to the signal inputs are delivered through an 
A/D converter to the turret azimuth and elevation 
drive circuits 24, the control panel controls and to the 
missile control electronics. The CPU 126 uses plug-in 
cards and can readily be reprogrammed to accommo- 
date changes in munitions such as the aforementioned 
machine gun and also updated for other missile muni- 
tions. 

The operation of the invention will now be outlined 
by reference to the logic flow diagram in FIG. 13. 

In the normal defensive situation, the gunner will be 
cued as to direction of the attacking aircraft. The cueing 
is normally done by a ground or airborne based radar 
installation, but can also be done by a central command 
and control installation or by radio warning by other 
friendly units in the area. If the gunner has not already 
activated the missile, he will do so at that time and 
switch the systems switch to the engage mode. He 
squeezes the palm grips on the hand controller 46 and 
slews the turret to face the anticipated approach direc- 
tion of the attacking aircraft. The transparent canopy of 
the cabin has a forwardly and upwardly facing view so 
the gunner can visually scan a sector of the sky wide 
enough to see all approaching aircraft from the direc- 
tion from which the aircraft will appear. 

The console will display the missile status so that the 
gunner will be able to confirm that a missile is spun up 
and cooled and is ready to be fired. Also, the gunner 
will have ensured that the FLIR is cooled and is opera- 
tional, especially if the attack is at night, so that he will 
have the infrared target acquisition capabilities. 

When the target comes into view, the gunner is ready 
for him and has the advantage of preparation. He has 
the target in his sights and will have locked on long 
before the target even knows that the LADS is there. 
This is especially true in a static situation when the 
LADS can be camouflage since it is small, passive as to 


. its sensors, and ready for the target. The attacking air- 


50 


55 


60 


65 


craft, on the other hand, is fast, but is easily seen and is 
expected. 

The FLIR will be in its wide field of view and the 
laser range finder will be off so that no tell-tale light 
beam is produced by the LADS. When the target comes 
over the horizon, normally at a low angle and a high 
rate of speed, it will be acquired immediately on the 
FLIR and also will be sighted visually by the gunner 
looking through the transparent canopy. The gunner 
slews the cabin to line up the azimuth with the ap- 
proaching target direction, and raises the munitions 
arms to center the target on the FLIR. He kicks the 
button which switches the FLIR to the narrow field of 
view and continues tracking the target manually by use 
of the hand controller 46. He pushes the IFF button and 
the target is immediately identified as unfriendly. The 
target can further be identified by way of a radio fre- 
quency interferometer to positively identify the target 
as unfriendly. 

The laser range finder is now turned on and the con- 
trol electronics has information as to range, azimuth, 


elevation, and rate of change of range, azimuth and 
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elevation so that the trajectory of the target is known. If 
the gunner has not already done so, he now switches the 
safe/arm switch to arm and pushes the helicopter but- 
ton if the target is a helicopter. The bore sight correc- 
tion is applied by the comparison of the two sensor/- 
seekers or by a predetermined bore sight correction, 
whichever is appropriate. A symbol is projected on the 
sight glass to confirm for the gunner that a missile has 
been selected and activated and is ready to fire. In addi- 
tion, for purposes of training or for defensive situations 
where a gunner has sector responsibility, a symbol will 
also be projected on the sight glass indicating that the 
turret is aimed in a direction in which fire permission 
has been preauthorized. In a training situation the sym- 
bol will indicate that the range safety officer has autho- 
rized missile firing. ` 

When the missile gyro is spun up, the missile electron- 
ics produces a tone, indicating to the gunner that the 
missile sensor/seeker has centered on a hot IR source. 
The auditory tone varies according to the relative posi- 
tion of the sensor/seeker relative to the center of the IR 
source. This provides another confirmation to the gun- 
ner that the missile sensor/seeker is aimed at a target 
which it can track. When the gunner has maximized the 
tone, that is when he has centered the missile sensor/- 
seeker on the target, he squeezes the hand grip to un- 
cage the missile seeker. The uncaged missile seeker then 
centers itself on the IR source and the missile electron- 
ics produces a tone in the gunner’s earphone which 
verifies that the missile is uncaged. In addition, a symbol 
is projected on the sight glass which verifies to the 
gunner visually that the missile is uncaged. 

The reticle projected on the transparent sight glass 
indicates any divergence between the aiming point of 
the missile seeker/sensor and the aiming position of the 
sight glass. In this way the gunner can verify that the 
target which he has acquired visually is the same target 
which the missile sensor/seeker is locked on. 

If the reticle and the target image does not remain 
centered on the sight glass, the gunner will know imme- 
diately that missile sensor seeker is locked on the wrong 
target and he releases the “‘uncage” button to recage the 
seeker sensor/seeker and thereby center it again on the 
same target that the gunner is tracking. 

When the gunner has verified that the missile sensor/- 
seeker is locked on the same target that he is tracking, 
he pushes the auto track select button. At this point, the 
control electronics begins utilizing the error signal pro- 
duced by the missile sensor/seeker or the FLIR sen- 
sor/seeker to cause the elevation and azimuth error 
signals from the chosen sensor/seeker to be used by the 
azimuth and elevation control means to automatically 
track the target. The gunner is now free to concentrate 
on command, control, communications, and timing 
functions, that is, those functions which require human 
judgment, and he is free from the mechanical functions 
of target acquisition and tracking. 

The laser range finder will inform the gunner 
whether the target is within missile range, and, if so, the 
gunner can launch the missile or he can wait for the 
target to approach closer to improve the chances of the 
kill. There may be circumstances in which the gunner 
elects to let one aircraft pass by unmolested so as not to 
alert the enemy that the area is defended. Then, when a 
large attacking force appears, they can all be destroyed 
before they have organized a coherent attack. 

If the gunner elects to fire his missile, he pulls the fire 
trigger and initiates the automatic fire sequence. The 
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computer samples and stores the azimuth and elevation 
rates at which the cabin and arms are changing position. 
The hand controller azimuth and elevation signals are 
disabled and the computer continues the azimuth and 
elevation rate of changes at the same rate that the turret 
was executing when the fire button was pushed. The 
optimum azimuth and elevation lead angles are calcu- 
lated for the type of target, whether helicopter or fixed 
wing aircraft, and depending on the direction, the speed 
and the elevation of the target, the optimal lead angles 
are inserted by providing an impulse to the elevation 
and azimuth control system 24 which indexes the turret 
to produce the correct lead angle. The air conditioner 
vent is closed and the fire command is issued to the 
missile electronics. Meanwhile, the turret continues to 
track at the same rate of elevation and azimuth change 
that existed when the fire command was pushed. The 
missile electronics initiates the battery heating sequence 
and the electrical umbilical unplug actions. When the 
battery is producing a voltage at the required level, the 
missile booster is fired to eject the missile from the 
launch tube. The next missile in sequence is activated 
and ready to fire virtually instant. 

The ejected missile, after it clears the launch tube, 
fires its rocket motor and is guided by its sensor/seeker 
toward the target. Immediately after it is launched, the 
computer causes the elevation and azimuth of the mis- 
sile pods to return to the predetermined tracking trajec- 
tory so that the gunner can fire the next missile in case 
the first missile misses the target. The gunner confirms 
visually that the missile has destroyed the target and 
simultaneously prepares himself to slew the cabin to the 
next target. When he confirms that the first target is 
destroyed he immediately operates the hand controller 
to slew the cabin toward the next target and the se- 
quence begins again. 

After a short predetermined time period which has 
been predetermined to insure that the immediate vicin- 
ity is clear of missile exhaust fumes, the air conditioner 
vent reopens so that fresh air can be vented into the 
cabin. If no other targets are in sight and the gunner is 
not advised that he should prepare for other targets to 
enter his sector of responsibility, he releases the palm 
grips or pushes the “deactivate” button so that next 
missile which has been activated can be deactivated and 
therefore preserve coolant. 

The invention disclosed herein is small, lightweight 
and easily transported by many existing military air 
transports. It can be mounted on a variety of existing 
military carriers for a highly mobile and readily con- 
cealed air defense system. It is the first effective missile 
based air defense system which can be fired while the 
carrier is on the move and therefore provides the first 
mobile air defense missile based system for protecting 
convoys, attacking military formations and other mo- 
bile military assets. It utilizes to a larger extent predeve- 
loped military hardware and weapon subsystems such 
as the Stinger missile, so its reliability is virtually preas- 
certained and the development cost is low. The entire 
system is extremely inexpensive and of diminutive size 
and weight for an air defense system of its effectiveness. 
It is an uncomplicated system and very easy to learn, 
and the training of gunners has been proven to be fast 
and sure. It is an ideal air defense system for United 
States forces because it may be procured in large num- 
bers and provide redundance and overlapping sectors of 
responsibility in air defense systems around many mili- 
tary assets because of its low cost and ease of training 
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the gunners to operate. It is also ideally suited for many 
allied military forces cause of its low cost and suitability 
for local manufacturing of many of its components. 

Obviously, numerous modifications and variations of 
the disclosed embodiment will occur to those skilled in 
the art in view of this disclosure. Accordingly, it is 
expressly to be understood that these modifications and 
variations, and the equivalents thereof, may be prac- 
ticed while remaining within the spirit and scope of the 
invention, as defined in the following claims. 

We claim: : 

1. An automatic tracking apparatus for driving mis- 
sile arms on a turret of an air defense system to track a 
heat-emitting airborne target across the sky, compris- 
ing: 

means for rotating said turret about a vertical axis, 

said rotating means including an azimuth drive 
motor having a drive pinion, and controls for ener- 
gizing said motor to rotate said drive pinion selec- 
tively clockwise or counterclockwise; 

means for changing the elevation of said missile arms 

about a horizontal axis of rotation, said elevation 
changing means including an elevation drive motor 
and a two-way torque coupling between said eleva- 
tion drive motor and said missile arm; 

an infrared scanner/seeker having a central aiming 

axis, for producing error signals indicative of the 
difference in azimuth and elevation between the 
direction in which the central aiming axis is pointed 
and the direction of the heat emitting target, said 
scanner/seeker being mounted in said missile with 
said central aiming axis parallel to the direction in 
which said missile arms are pointed; 

control means for converting said error signals to 

control signals to said rotating means and said ele- 
vation changing means to drive said turret and said 
missile arms in the direction of said target to mini- 
mize said error signals. 
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2. The apparatus defining in claim 1, wherein said 
scanner/seeker is gimballed for swivelling about said 
central axis, and said scanner/seeker includes means for 
caging said seeker to confine said seeker central aiming 
axis to the direction in which said missile arms are 
pointed, and means for uncaging said seeker to align 
said central aiming axis with the direction to said target. 

3. The apparatus defined in claim 2, wherein said 
scanner/seeker produces error signals only when it is 
uncaged, and therebefore produces only heat contrast 
image signals usable by an image processor for produc- 
ing a visual image on a screen of the infrared scene 
issued by the scanner/seeker. 

4. The apparatus defined in claim 2, wherein said 
error signals are conducted from said missile scanner/- 
seeker to said control means by an electrical cable con- 
nected to said missile through an umbilical plug; 

means for jerking said umbilical plug out of said mis- 
sile as it is fired, whereby said missile is unimpeded 
in its flight by electrical cables connected thereto. 

5. The apparatus defined in claim 1, further compris- 
ing: 

a turret stabilization system having a gyroscope 
mounted for sensing rotation of said missile arms 
about said horizontal axis of rotation, and another 
gyroscope mounted in said cabin for sensing rota- 
tion of said cabin about said vertical axis, said gyro- 
scopes producing signals indicative of their rota- 
tional accelerations; 

conductor means between said control means and 
said gyroscopes for conducting said signals from 
said gyroscopes to said control means; 

said control means producing control signals to said 
azimuth and elevation drive motors to cause said 
motors to operate at a direction and speed to just 
cancel the azimuth and elevation changes to said 
missile arms caused by motion of said vehicle as it 


travels over hills and around curves. 
* * * * * 


